Objectives: the objective of the present study was to explore the association between cardiovascular risk and cognitive decline in adults aged 50 and over.
Introduction
Cognitive decline becomes more common with ageing and, for an increasing number of people, interferes with daily functioning and well being. Several cardiovascular (CVD) risk factors, including high blood pressure (BP), dyslipidaemia, smoking and obesity, have been proposed as important modifiable risk factors for cognitive decline [1, 2] . Longitudinal studies that explored the association of vascular risk factors with cognitive functioning produced contradictory or inconclusive findings reporting positive, negative and absent relationships between BP [1, [3] [4] [5] , serum cholesterol [1, [6] [7] [8] and BMI [9, 10] with cognitive functioning. There is more consistent evidence that smokers tend to be at a greater risk of cognitive decline compared with nonsmokers [11] although the risk might be limited to specific cognitive domains [9, 12] . Considering composite measures of risk, cross-sectional studies [13, 14] tend to report associations between higher Framingham stroke risk (FSR) scores and worse cognitive function, including a recent study of UK civil service employees by Kaffashian et al. [15] . However, no population-based longitudinal evidence is available to date on this exposure.
The aim of the analyses described here was to investigate the prospective associations of FSR and CVD risk scores (FCVDR), BP, cholesterol levels, smoking and BMI in relation to cognitive function in a nationally representative sample of adults. A particular objective was to explore the extent to which the association of vascular risk factors with cognitive decline varied as a function of the length of follow-up. The focus was on predictors with greatest opportunities for intervention: specifically, BP, cholesterol, smoking and BMI.
Methods
The study employed data from the English Longitudinal Study of Ageing (ELSA) which is a prospective and nationally representative sample of people aged 50 and over residing in private households in England. To date there are five data collection surveys (1998-2001, 2002-03, 2004-05, 2006-07, 2008-09 ) and the present analyses drew primarily on 2004-05 data (n = 9,432) which represent the first survey where both cognitive and physiological measurements, including systolic blood pressure (SBP), cholesterol levels and BMI, were collected. Out of the 8,780 core study members, 6,269 (71%) also contributed data to the 2008-09 follow-up (see Supplementary data available in Age and Ageing online, Appendix 1). Biomedical and physical performance measures were collected from respondents by a trained nurse on 7,666 core members. Full details on response to the main interview and physiological measurements are provided in the Technical Report [16] . Data from the 1998-2001 survey (n = 11,205) were also incorporated. About 6,981 (62%) have also participated in the 2008-09 follow-up study.
Cognitive measures

Memory
Each respondent was asked to learn 10 unrelated words, and immediate and delayed recall were tested (the delayed recall performed after the letter-cancellation and animalnaming tests). Immediate and delayed recall tests have been shown to have good construct validity and consistency [17] . For the prospective memory test, the respondents had to remind the interviewer to do two-specific tasks at the end of the test. A memory index was created by summing-up the z-scores on the individual memory tests.
Executive functioning
A verbal fluency task involved the participants naming as many different animals as possible within 1 min. The reliability and validity of the animal-naming test is well documented [18] . A letter-cancellation test was used to measure attention, mental speed and visual scanning abilities with two-independent scores are calculated: speed and accuracy. An index of executive functioning was developed by summing-up the z-scores on animal naming, speed and accuracy tasks.
Cognitive index
A continuous measure of overall cognitive functioning was provided by summing-up participants' z-scores on the memory and executive indexes. Each test receives equal weighting towards the combined cognitive index.
Vascular risk factors
Blood pressure BP measurements included SBP and DBP values assessed by the nurse at three surveys (1998-2001, 2004-05 and 2008-09) and were recorded on each occasion as the average of three measurements taken on the right arm with the informant in a seated position after 5 min rest. Finally, a categorical variable was created at both 1998-2001 and 2004-05 surveys that classified individuals into 'normal' (SBP <140 mmHg and DBP ≤90 mmHg), 'borderlinehigh' (SBP 140-160 mmHg and DBP >90-99 mmHg) and 'high' (SBP >160 mmHg and DBP ≥100 mmHg) [7] .
Cholesterol
Measure of fasting serum cholesterol included total cholesterol levels. The continuous measure was developed in an identical fashion to that described for BP. 
Smoking
Participants were classified in two groups: non-smokers (never smoked or ex-smokers) and smokers (current smokers).
Cardiovascular risk profile
The study also used the FSR and FCVDR risk scores using 2004-05 data. These risk scores were calculated using information on age, gender, systolic blood pressure, ratio of TC to HDL, diabetes and cigarette smoking and follow the equations reported by Anderson et al. [19] . Left ventricular hypertrophy was not included as this information is not collected in ELSA. Risk scores were divided into quartiles for analysis.
Covariates
Additional variables known to be associated with both cognitive functioning and vascular disease were selected. Aside from age (continuous) and gender (binary), highest educational qualification grouped participants into: no qualification; level 1 National Vocational Qualification (NVQ1) or certificate of secondary education (CSE); NVQ2 or O-level; NVQ3 or A-level or higher qualification but below degree and degreelevel or higher or NVQ 4/5. Alcohol intake was calculated from participant-reported drinking frequency over the previous year (weekly drinking versus occasional or never). Based on participant-reported frequency of physical activity a four category physical exercise variable was created: sedentary, low, moderate and high. An abbreviated Center for Epidemiological Studies Depression Scale (CES-D) [20] measure was used to create a continuous measure of depressive symptoms (scores ranged from 0 to 8). As 1998-2001 data did not incorporate CES-D, the General Health Questionnaire (GHQ-12) [21] was used as a measure of current mental health status (scores ranging from 0 to 12). Self-reported stroke and diabetes ( present/absent) were also included as covariates. The final covariates included whether or not respondents were treated with antihypertensive or cholesterol-lowering drugs (yes/no).
Statistical analysis
Descriptive statistics were estimated to determine the study sample characteristics. The primary analysis involved multivariable regression analysis using 2004-05 data to estimate the association of SBP, DBP, TC, smoking and BMI values with overall and specific cognitive decline at 4-year followup (2008-09 survey) adjusting for baseline (2004-05) covariates. Cognitive adjustment at baseline involved including the corresponding measure as a covariate, for instance when estimating memory at the follow-up baseline memory score was used as a covariate. The association of high and border-range SBP, DBP, TC and BMI values at 2004-05 surveys compared with normal-range values on overall and specific cognitive measures at 2008-09 follow-up was also estimated using the same estimation models. Similar estimation models were employed to predict the association of the same vascular risk factors assessed at the 1998-2001 survey with cognitive performance at 8-year follow-up ( Figure 1 ).
In addition, multivariable linear regression analyses were used to investigate the longitudinal association between 10-year FSR and FCVDR scores quartile at 2004-05 survey with cognitive decline at 4-year follow-up, adjusting for baseline (2004-05) data. Participants in the bottom quartile of stroke and CVD risk scores distribution were used as the reference category. These analyses excluded participants with a diagnosis of CVD (angina, myocardial infarction, congestive heart failure and heart murmur), stroke or dementia at or prior to 2004-05 survey. As the results for men and women were similar, for ease of presentation the overall results are presented. A level of 0.05 was chosen to indicate statistical significance. All analyses were carried out using STATA version 11. Analyses were weighted to adjust for non-response. Table 1 The longitudinal associations between vascular risk factors and all three cognitive measures are shown in Table 3 . To test the hypothesis for a duration-response effect with respect to the relationship between BP and cognitive decline, Table 3 includes the results based on 1998-2001 BP data (first column). The results revealed that smoking represents the most consistent vascular risk predictor of cognitive decline across all three cognitive outcomes in both models. High BMI was also associated with lower scores (b = −0.02, P < 0.05) on memory as was borderline high SBP levels (b = −0.24, P < 0.05). With respect to the 1998-2001 estimation model, the results revealed that both high DBP and SBP were associated with lower global cognitive and memory scores at 8-year follow-up. However, when BP was used as a categorical predictor the results indicating that SBP over 160 mmHg was negatively associated with lower overall cognitive (b = −1.26, P < 0.05) and memory (b = −1.16, P < 0.05) scores at 8-year follow-up.
Results
Discussion
The present study investigated vascular risk factors for cognitive impairment in this informative longitudinal cohort. In a large prospective data, the study found that 10-year FSR and FSCVD were significantly associated with cognitive decline on both global and specific (memory and executive) measures at 4-year follow-up.
An important outcome of the present study was the consistent association observed between smoking and low global cognitive and specific memory and executive scores at 4-year and 8-year follow-ups. With respect to the association of BP with cognitive functioning, the findings imply that both age and probably duration of high BP levels are in the long-term detrimental to cognitive performance. For instance, participants in the 1998-2001 survey were on average 5 years younger than those in the 2004-05 suggesting that age, duration or both might be associated with declined cognitive performance. The possibility of a cumulative effect also seems probable whereby participants with high SBP (>160 mmHg) values were at a greater risk of lower cognitive scores 8 years later compared with those with normal SBP vales (<140 mmHg). Of note is the finding that participants with borderline high SBP levels at 2004-05 were at risk of lower memory scores 4 years later. It may be that individuals with borderline high SBP levels were not prescribed antihypertensive treatment drugs which then results in an increased risk of cognitive decline over the short term. This suggestion needs confirmation from future research. Overall, the study findings indicate that high BP may be detrimental to cognitive functioning and that this impact is likely to develop over a longer period of time, future clinical trials might benefit from this insight.
A domain-specific association of vascular risk factors seems also probable. Particularly, the detrimental association of BP appeared to be restricted to memory functioning. Alternatively, a longer exposure to high BP may be needed for a significant decline in executive performance to be observed. These suggestions are compatible with a domino effect whereby preliminary memory impairment as a result of high BP is later translated in impaired executive functioning performance. It is equally plausible to suggest that executive functioning decline over the short term presents a higher threshold that entails the combined association of multiple vascular risk factors.
The latter suggestion appears to be supported by the negative longitudinal association between FSR and FCVDR with all three cognitive outcome measures at 4-year followup. In particular, participants in the upper quartile of the stroke and CVD risk scores are at a greater risk of global cognitive as well as specific memory and executive decline relative to their counterparts in the lower quartile. These findings substantiate the claim that the combined effects of particular vascular risk factors may expedite the process of cognitive decline. It would appear that the most promising preventative approach would be one that considers the multicausality nature of cognitive decline. Specifically, interventions to limit cognitive decline should consider the combined effect of multiple vascular risk factors rather than focusing on the management of individual-risk factors as routinely performed in the past.
Present findings corroborate with earlier evidence that the negative association of BP with cognitive functioning represents a gradual process that takes place over long periods of time [4, 22, 23] . The limited evidence of an association between BP and cognitive decline at 4 year may explain the lack of significant effect of short-term antihypertensive clinical trials with cognitive decline [24] [25] [26] . A detrimental association of smoking with cognitive functioning at midlife has been reported previously [27] and the present extend these findings to older people within a population-based cohort data. Finally, the study findings extend previous cross-sectional [13] studies and confirm longitudinal evidence [14] for a negative association between FSR and FCVDR risk scores with cognitive impairment in adults.
The present data have many strengths including the use of both individual and combined vascular risk factors, different follow-up periods, the ability to adjust for prior cognitive functioning (important limitation of previous studies), the longitudinal design and its representativeness. Several limitations are also important to mention. The present data did not collect information on cognitive functioning at 1998-2001 survey which impeded our ability to tests similar models. However, the 1998-2001 estimation model included an educational qualifications measure, a commonly employed proxy measure for cognitive functioning. Further, present data include only two surveys with both cognitive functioning and physiological measures of vascular risk factors which limited our ability to model the relation between vascular risk factors and cognitive functioning over time. This issue remains to be tested.
The present study adds new knowledge by documenting a longitudinal association between FRS and CVD risk scores with both global and specific cognitive decline. Regarding particular vascular risk factors, smoking emerged as the most consistent predictor of cognitive decline. The relationship between BP with cognitive functioning appears to be time-dependent supporting a possible duration-response effect. These findings could serve as basis on which to develop future clinical trials aimed at preventing atypical cognitive decline in adults aged 50 and over and for designing population-level interventions.
Key points
• Population-based evidence on the influence of multiple vascular risk factors on cognitive decline in elderly is scarce and inconclusive.
• The combined effects of particular vascular risk factors may expedite the process of cognitive decline.
• Smoking and long-term BP appear to increase the risk of cognitive decline in elderly.
• At the population level, the most promising preventative approach would be one that considers the multicausality nature of cognitive decline. 
